Rationale: Chronic thromboembolic pulmonary hypertension (CTEPH) is a severe complication of antiphospholipid syndrome (APS). Once diagnosed, the recommendation for the treatment of CTEPH is long-term anticoagulation and pulmonary thromboendarterectomy (PTE). However, cardiac surgeons apply PTE cautiously for these patients, as there is an increased risk of perioperative complications. Here, we present the curative case of a patient with severe APS-associated CTEPH treated with PTE.
Introduction
Antiphospholipid syndrome (APS) is a disease that manifests clinically as vascular thrombosis (arterial, venous, or small vessel thrombosis) and/or abortion with laboratory results of persistently elevated levels of antiphospholipid antibodies (aPL). [1] Chronic thromboembolic pulmonary hypertension (CTEPH) is a severe complication of patients with APS. According to the previous literature, the 3-year survival rate of patients with CTEPH is only 37% without intervention. [2] The symptoms of CTEPH are not specific, which makes it difficult to diagnose CTEPH at an early stage. Once CTEPH is diagnosed, the recommended treatment is pulmonary thromboendarterectomy (PTE) and life-long anticoagulation. [3] Although PTE is the optimal therapy, patients with APS-associated CTEPH are at risk for the development of complications such as thrombocytopenia [4] and antiphospholipid syndrome nephropathy, [5] as well as perioperative thrombotic events and bleeding. [6] For this reason, cardiac surgeons apply PTE cautiously for these patients. Here, we present a curative case of severe APS-associated CTEPH treated with PTE. This case shows that PTE is the optimal treatment for patients with CTEPH that has developed from APS. After a full evaluation of the risks of thrombotic events and bleeding and the effective medical treatments that will provide a suitable condition for operation, APSassociated CTEPH should be treated with PTE to improve cardiac function and provide a better prognosis.
Case report
A 29-year-old man was admitted to the hospital for chest pain, decreased exercise capacity, and hemoptysis. The otherwise healthy patient had developed chest pain in September 2015, with a dull pain in the left shoulder and back and paroxysmal cough. Computed tomography pulmonary angiography (CTPA) revealed a left inferior lobe pulmonary embolism (PE). The patient was prescribed rivaroxaban 20 mg qd, which resolved the pain symptoms.
One month later, he experienced a symptom recurrence and developed shortness of breath after some activities. Laboratory results revealed abnormally high titers of lupus anticoagulant (2.90 with a reference range of 1.2), anticardiolipin antibodies (>120 IgG U/mL with a reference range of < 12 IgG U/mL), and anti-beta-2-glycoprotein I (188 RU/mL with a reference range of < 20 RU/mL), indicative of higher thrombosis risk of primary antiphospholipid syndrome (PAPS). Ultrasonic cardiography (UCG) revealed an enlarged right ventricle and atrium, while his pulmonary artery (PA) systolic pressure was 98 mm Hg with an ejection fraction of 63%. He was diagnosed with CTEPH and treatment with hydroxychloroquine (HCQ) 200 mg bid and sildenafil 20 mg tid relieved the symptoms.
Three months later, the patient returned to the hospital because of hemoptysis. A computed tomography scan of the chest showed multiple ill-defined and patchy ground-glass opacities and nodules. Laboratory results showed an NT-proBNP level of 4244 pg/mL.
The patient did not exhibit a rash or experience joint pain, photosensitization, or dryness of the mouth or eyes throughout the disease duration. He had no history of hypertension, diabetes mellitus, hypercholesterolaemia, surgery, malignancy, or other thrombosis risk factors. He had smoked 15 cigarettes per day for many years but had quit 8 months earlier.
During his hospitalization, the anticoagulant therapy was suspended and he was given a continuous intravenous drip of pituitrin. Two weeks later, the hemoptysis was under control. However, CTPA demonstrated multiple PEs, complete obstruction of the left PA, and recurrent thrombosis of the right lung (Fig. 1) . The patient's thrombosis was initially treated with lowmolecular-weight heparin at 4000 IU qd by hypodermic injection, but he again experienced hemoptysis with ∼ 200 to 300 mL of blood. Bronchial arteriography showed a pulmonary bronchial shunt of the left lung. The hemoptysis was finally successfully treated by bronchial artery embolization. The anticoagulation treatment was continued under close surveillance, and the hemoptysis and dyspnoea did not recur.
Three months later, the patient underwent PTE (Fig. 2) . The mean pulmonary arterial pressure (mPAP) was 30 mm Hg determined by right heart catheterization before PTE, and postoperative mPAP was 17 mm Hg. No complications were observed for the patient. After the surgery, the patient reported a markedly increased exercise capacity. Although the patient retained positive aPL titers, UCG revealed that the PA systolic pressure and cardiac structure returned to normal. Life-long warfarin and HCQ 200 mg bid were used to maintain the curative effect. The patient remained well at the 6-month follow-up.
Discussion
Here, we report a case of APS-associated CTEPH that was curatively treated by PTE. Although the patient was initially treated for an acute PE, subsequent antibody titers and imaging indicated that the patient had PAPS and CTEPH.
CTEPH was defined as a mPAP of ≥25 mm Hg with normal wedge pressure by right heart catheterization, with effective anticoagulation for more than 3 months as well as typical signs on a radionuclide ventilation/perfusion scan and high-quality multidetector CTPA or pulmonary angiography. [7] During the disease course, the patient experienced multiple thrombotic events. Deep vein thrombosis and PE are the most common thrombotic events in patients with APS, with multiple and recurrent thromboses. Indeed, the thrombotic event recurrence rate is nearly 30%. [8] It is reported that 0.57% to 4.7% of cases of acute PE will develop into CTEPH. Common risk factors for CTEPH include unexplained, recurrent, or large clotted PEs, elder age, a chronic inflammatory state, and malignancy. [2] CTEPH pathology may also be associated with high aPL titers, [9] as several cohort studies report aPL-positive titers in ∼15% to 50% of CTEPH patients. [10, 11] aPLs may induce CTEPH by inhibiting cascade reactions catalyzed by phospholipids or by promoting microembolization. [12] Indeed, high titers of lupus anticoagulant are associated with microembolization in PAPS, where higher aPL titers correlate with a worse prognosis. [13] Figure 1. Computed tomography pulmonary angiography revealed multiple pulmonary embolisms, including a complete embolism of the left pulmonary artery (PA) and partial in the branches of the right PA. Figure 2 . Excised pulmonary artery intima.
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Life-long anticoagulation is recommended for CTEPH patients. The patient in the present case was triple-aPL-positive, resulting in a higher risk of thrombosis. Triple aPL positivity is reportedly associated with a high risk for both first and recurrent thrombotic events. [14] The patient, in this case, was previously a heavy smoker and also had an infection, both of which are risk factors for thrombosis. [15] Although rivaroxaban is not reported as inferior to warfarin, it might not be as effective for triple-aPLpositive patients. [16] The patient in the present case was not properly diagnosed at an early stage, and so he missed the optimal therapeutic window for anticoagulation therapy. However, anticoagulants should be used to treat CTEPH with caution. CTEPH is associated with blockage of both the proximal and distal PAs, which increases the blood supply provided by the bronchial artery to the PA and the blood flow volume in the capillary network between these 2 arteries. This increased blood volume makes the capillaries more sensitive to rupture, and so patients with CTEPH should receive anticoagulants under close surveillance.
After the patient's condition was stabilized with medication, he underwent PTE, which was successful. He felt obvious relief of his symptoms after the operation, and UCG showed the recovery of cardiac structure and PA pressure at the 6-month follow-up. From this case, we saw that balancing the risk of thrombosis and hemorrhage can provide a favorable condition for the PTE operation, which is an optimal therapy for APS-associated CTEPH. This result was consistent with previous data. [6] The patient used warfarin and HCQ 200 mg bid after PTE. Since anticoagulation was recommended for all CTEPH patients as a life-long treatment, HCQ has been proven to be effective to prevent postoperative venous thrombotic events. [17] Other target treatments include statin therapy to reduce thrombotic risks and rituximab for refractory thrombosis.
Conclusion
PTE is a curative option for CTEPH patients and also suitable for those with CTEPH that developed from APS. PTE markedly alleviated the patient's symptoms in this case and restored normal cardiac structure and PA pressure. Thus, after evaluating the thrombosis risk at an experienced treatment centre and applying standard anticoagulation treatment, APS-associated CTEPH may be treated with PTE.
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